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@ The information recording and reproducing ap- 
paratus includes: a recording medium including a 
plurality of concavo-convex pits; a light source for 
emitting laser light; a section for changing an optical 
characteristic value of the laser light, using inter- 
action between the laser light and the recording 
medium; and a light detector for detecting the optical 
characteristic value of the laser light after the inter- 
action occurs, and then outputting a signal in re- 
sponse to the detected optical characteristic value. 
The section for changing the optical characteristic 
value includes an evanescent wave generating sec- 
tion for generating an evanescent wave from the 
laser light. The evanescent wave generating section 
changes the optical characteristic value in accor- 
dance with how much the concavo-convex pits of the 
recording medium influences the evanescent wave. 
Multivalued data is reproduced on the basis of the 
signal from the light detector. The multivalued data 
corresponds to the dimension of the concavo-convex 
pits measured along the direction normal to the 
recording medium. 
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BACKGROUND OF THE IMVE^aT^OM 

1 . Field of the Invention: 

The present invention relates to an apparatus 
for optically recording and reproducing information 
and a method using the same. 

2. Description of the Related Art: 

Recently, apparatus for optically recording and 
reproducing information have been remarkably de- 
veloped in the fields of the information and com- 
munication industry as well as the audiovisual in- 
dustry. Especially, an optical disc in which informa- 
tion, as a concavo-convex pit array, is stored in a 
circular substrate and light is condensed onto a 
micro-spot so as to reproduce the information, has 
been standardized and spread all over the world 
under the name of a compact disc (hereinafter, . 
referred to as a "CD"). Such a system utilizes the 
diffraction phenomenon of light for reproducing in- 
formation. That is, the presence or absence of a pit 
can be deterrnined by detecting the intensity of 
light which is reflected from the surface of the CD. 
since there is a difference between the reflectivity 
of a pit-present portion and that of a pit-absent 
portion, which is caused by the diffraction of the 
light. According to the current CD standard, the 
difference: in reflectivity is expected to he about 
30%. A reproduced signal is represented by t5inary 
digits showing the presence or absence of the pit. 
The length of the pits and/or the spacings between 
the respective pits is determined based on the 
contents of the information to be stored- That is, 
the information is recorded as a size change of 
surface features of a recording medium in an in- 
plane direction, so that the improvement of the 
storage density of the CD is largely restricted by 
the diffraction limit of a reproduced light. Another 
method is proposed, in which the difference in 
reflectivity of 20% or less is obtained by utilizing 
the fact, that the reflectivity changes as the phase 
of medium changes. 

Japanese Laid-Open Patent Publication No. 4- 
14620 propos'es an information recording and re- 
producing system utilizing surface plasmon reso- 
nance in order to remarkably improve reproduction 
sensitivity much more than the above systems 
presently do. According to this system, a recording 
medium is obtained by laminating arachidic acid 
cadmium salt on a silver layer, and the presence or 
absence of the arachidic acid cadmium salt is 
detected with a difference in reflectivity of 90% or 
more. Thus, according to this system utilizing the 
surface plasmon resonance, remarkably higher dif- 
ference in reflectivity (90% or more) can be ob- 
tained compared with the system utilizing the dif- 



fraction phenomenon of the light (about 30%), and 
the system utilizing the change of the phase of the 
medium (20% or less). However, this system also 
has the same problem of the storage density as 

5 the system utilizing the diffraction phenomena has, 
since it also employs the same recording method 
in which the information is represented by the 
binary digits showing the presence or absence of 
the arachidic acid cadminate layer, and then the 

10 information to be recorded is modulated and repre- 
sented by the length of the pit and the spacing 
between the respective pits. That is. even if em- 
ploying the system utilizing the surface plasmon 
resonance, the pit density is restricted by the spot 

15 diameter during the reproduction performance, and 
the spot diameter is determined by an optical 
wavelength and a numeral aperture (NA) of the 
condenser lens. Therefore, in order to improve the 
storage density, a power source having a short 

20 wavelength or a lens having a large NA is required. 
Therefore, this system utilizing the surface plasmon 
resonance can improve the reproduction sensitivity 
but cannot improve the storage density compared 
with the" system utilizing the diffraction phenomena 

25 of the light. 

SUMMARY OF THE ^^aVENTIOM 

In accordance with one aspect of the invention, 
30 an information recording and reproducing appara- 
tus includes: 

a recording medium including a plurality of 
. concavo-convex pits, 

a light source for emitting laser light. 
35 a means for changing the optical characteristic 

value of the laser light, using interaction between 
the laser light and the recording medium, and 

a light detector for detecting the optical char- 
acteristic value of the laser light after the intor- 
40 action occurs, and then outputting a signal in Re- 
sponse to the detected optical characteristic value; 

wherein the means for changing the optical 
characteristic value includes an evanescent wave 
. generating means for generating an evanescent 
45 .wave from the laser light, and the evanescent wave 
generating means changes the optical characteris- 
tic value in accordance with how much the con- 
cavo-convex pits of the recording medium influ- 
ences the evanescent wave: and 
50 multivalued data is reproduced on the basis of 

the signal from the light detector, the multivalued 
data corresponding to the dimension of the con- 
'cavo-convex pits measured along the direction nor- 
mal to the recording medium. 
55 In accordance with another aspect of the inven- 

tion, an information recording and reproducing 
method, includes: 

a first step for recording data into a recording 
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Figure 7 is a structural view showing the re- 
production process of the information recording 
and reproducing apparatus according to the third 
example. 

5 Figure 8 shows the relationship between a 

spacing/wavelength of laser light and a reflectivity 
when magnetic cobalt gamma iron oxide is used 
for a medium surface according to the third exam- 
ple. 

70 Figure 9A shows the relationship between a 

spacing/wavelength of laser light and a reflectivity 
when gold is used for a medium surface according 
to the third example. 

Figure 9B shows the relationship between a 

T5 spacing/wavelength of laser light and a reflectivity 
when gold is used for a medium surface according 
to a conventional example. 

Figure 10 is a structural view exemplarily 
showing another recording medium according to 

20 the third example. 

Figure 11 is a structural overview showing an 
information recording and reproducing apparatus 
according to a fourth example of the present inven- 
tion. 

25 Figure 12 is a structural view showing a record- 

ing medium according to the fourth example. 

Figure 13 is a structural view showing a re- 
production process of the information recording 
and reproducing apparatus according to the fourth 

30 example. 



medium as a plurality of concavo-convex pits, 

a second step for changing an optical char- 
acteristic value of the laser light, using interaction 
between the laser light and the recording medium, 
and 

a third step for detecting the optical char- 
acteristic value of the laser light after the inter- 
action occurs, and then outputting a signal in re- 
sponse to the detected optical characteristic value: 

wherein, at the second step, an evanescent 
wave is generated from the laser light, and the 
optical characteristic value of the laser light is 
changed in accordance with how much the con- 
cavo-convex pits of the recording medium influ- 
ences the evanescent wave. Herein, the optical 
characteristic value of 

the laser light represents the intensity or the 
phase and polarization condition of the laser light, 
or the combination of the intensity, and the phase 
and polarization condition of the laser light. 

Herein, the concavo-convex pit means pits in 
which concave portions or convex portions are 
formed on the surface of the recording medium, or 
pits in which the concave portions and the convex 
portions are mixedly formed on the surface of the 
recording medium. 

Thus, the invention described herein makes 
possible the advantage of providing an information 
recording and reproducing apparatus with which 
the storage density can remarkably be improved, 
and a method using the same. 

This and other advantages of the present in- 
vention will become apparent to those skilled in the 
art upon reading and understanding the following 
detailed description with reference to the accom- 
panying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is, a structural view showing a re- 
producing apparatus according to a first example of 
the present invention. 

Figure 2 is a view showing the relationship 
between a reflectivity and a spacing according to 
the first example. 

Figure 3 is a structural view showing a re- 
producing apparatus according to a second exam- 
ple of the present invention. 

Figure 4 is a view showing the relationship 
between a reflectivity and a spacing according to 
the second example. 

Figure 5 is a structural overview showing an 
information recording and reproducing apparatus 
according to a third example of the present inven- 
tion. 

Figure 6 is a structural view exemplarily show- 
ing a recording medium according to the third 
example. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

35 Hereinafter, the present invention will be de- 

scribed by way of illustrating examples with refer- 
ence to drawings. 

Example 4 . 

40 

Figure 1 shows a structural view of an informa- 
tion reproducing apparatus according to the first 
example of the present invention. In Figure 1, a 
discoidal recording medium 1 is made of polycar- 

45 bonate resin (refractive index: 1.59). A plurality of 
concentric circular recording tracks are provided on 
the surface of the recording medium 1. As is sche- 
matically shown in Figure 1, each recording track is 
provided with four pits dO, d1. d2, and d3 each 

50 * having different depths 0 um, 0.05 iim, 0.11 um, 
and 0.27 um, respectively. The surface layer of the 
recording medium 1, where the pits are formed, is 
referred to as a recording layer 1b. The recording 
layer lb is rotated by a spindle motor (not shown). 

55 An optical head 5 is arranged so as to. face the 
recording layer 1b. The optical head 5 includes an 
evanescent wave generator 10, a semiconductor 
laser 21, a collimator 22, an incident light deflection 
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prism 23. a reflected light deflection prism 24. a 
receiver lens 25. and a photodiode 26. The light 
(wavelength: 780 nm) from the semiconductor laser 
21 is collimated by the collimator 22. polarized by 
the incident light deflection prism 23. and then 
enters the evanescent wave generator 10. The eva- 
nescent wave generator 10 has a nonspherical sur- 
face structure on respective two facets sandwiching 
the right angle of a rectangular prism there- 
between. The evanescent wave generator 10 is 
integrated with an optical glass SF11 (refractive 
index: 1.79). Herein, the surface of the evanescent 
wave generator 10 facing the recording layer 1b is 
called a reflection surface 10a; the nonspherical 
surface structure on the left side is called a con- 
denser lens 10b; and the nonspherical surface 
structure on the right side is called a light-receiving 
lens 10c. The light beam is condensed by the 
condenser lens 10b at an angular aperture of 2a = 
70 degrees. The beam waist is in conformity with 
the reflection surface 10a and becomes a plane- 
wave having an incident angle of 45 degrees on 
the reflection surface 10a. The polarized light be- 
comes p-polarized light. The reflected light from 
the reflection surface 10a is led to the photodiode 
26 through the light-receiving lens 10c (angular 
aperture: 70 degrees), the reflected light deflection 
prism 24. and the receiver lens 25. The evanescent 
wave generator 10. the incident light deflection 
prism 23. and the reflected light deflection prism 
24, which are mounted on a head slider (not 
shown), are generically called a movable part 5a. 
The head slider is sufficiently large compared with 
the width of the recording track. The movable part 
5a is moved following the recording medium 1 so 
that the perpendicular distance from the reflection 
surface 10a to the tracking-absent portion (i.e.. 
original medium surface) is always maintained at 
0.07 um by a fluid lubrication effect. Herein, the 
perpendicular distance is represented by a flying 
height h. The propagation direction of the light 
which enters into and is emitted from the movable 
part 5a is exactly normal to the surface of the 
recording medium 1. Therefore, even if the surface 
of the recording medium 1 is run-out. the light path 
within the movable part 5a does not change. 

Hereinafter, the operation of the information 
recording and reproducing apparatus according to 
the first example of the present invention will be 
described. The present example is carried out in 
order to prove that the information recording and 
reproducing method of the present invention is 
suitable for supplying the same Information to a 
number of users, I.e., for a delivery media. 

First, the recording process according to the 
present example will be described. Data to be 
recorded is modulated to time series data using 
four values of 0. 1, 2. and 3. The data 0. 1, 2, and 



3 are made corresponding to pit depths dO, d1, d2. 
and d3, respectively, and thus an original plate Is 
produced by using a laser cutting technique. 
Thereafter, a stamper is made from the original 

5 plate, and the recording medium 1 is duplicated by 
using a plastic formation technique. According to 
the above steps, the original information is re- 
corded and stored on the recording medium 1 as a 
pit array which is modulated so as to have four 

10 values in the depth directkDn. That is. according to 
the present example, the displacement of the sur- 
face level of the recording, layer lb in the out-of- 
plane direction is also used as information, so that 
the information volume to ;be/ recorded per pit can 

75 be increased by at least twice as much as that of 
the conventional recording method usjng binary 
digit data. 

Next, the reproducing process will be de- 
scribed with reference to figures 1 and 2. Accord- 

20 ing to the present example, each pit depth is 
detected utilizing the fact that the reflectivity of the 
reflection surface 10a is attenuated due to the 
attenuated total reflection as described later, and 
the thus detected pit depth is demodulated to the 

25 original information. Generally, when the light en- 
ters an interface- between a first medium with a 
larger refractive index ahd:a second medium with a 
smaller refractive index Bt an angle of a critical 
angle or more, the total reflection occurs, i.e., the 

30 reflectivity of the interface becomes 1. However, 
the energy of the light penetrates into the second 
medium with the smaller refractive index. Such 
energy of the light becomes a non radiative mode 
called an evanescent wave. The evanescent wave 

35 is exponentially attenuated as going away from the 
interface. The effective penetration distance of the 
evanescent wave, which depends on the refractive 
index difference across the Interface and the in- 
cident angle is generally a wavelength or less. 

40 When a third medium is arrafiged so as to be 
closest to the interface, the energy to be intro- 
duced into the third medium is increased in accor- 
dance with the distance therebetween, and the 
reflectivity of the interface is attenuated. This phe- 

4S nomena Is called attenuated total reflection (or frus- 
trated total reflection), which can be explained as a 
tunneling phenomenon of a photon in terms of the 
quantum theory. According to the present example, 
the incident angle to the reflection surface 10a is 

50 45 degrees, larger than the critical angle of 34 
degrees, and the recording layer 1b is close to the 
reflection surface 10a at a distance of a wavelength 
or less. Therefore, the above-mentioned attenuated 
total reflection occurs, and the reflectivity of the 

55 reflection surface 10a is changed in accordance 
with the distance (hereinafter, referred to as a 
spacing s) between the reflection surface 10a and 
the surface of the recording layer lb immediately 
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below the spot. Figure 2 shows the relationship 
between the reflectivity and the spacing s accord- 
ing to the first example. yNhen the spacing s is 0 
urn (i.e.. when the reflection surface 10a is in 
contact with the recording medium 1 immediately 
below the spot), the reflectivity is almost 0. NA^en 
the spacing s is 0.5 um or more, the reflectivity is 
almost 1, which indicates that the total reflection 
occurs. As the spacing s is increased from 0.0 to 
0.5. the reflectivity is monotonously increased. 
Therefore, by detecting the reflectivity, the spacing 
s can be determined. Herein, the spacing s is the 
sum total of the flying height h and the pit depth 
immediately below the spot. The four pits dO, d1, 
d2. and d3 have reflectivity 20%. 45%. 70%. and 
95%, respectively. Thus, the four pits can be dis- 
criminated from one another with a reflectivity dif- 
ference of 25%. In accordance with the rotation of 
the recording medium 1, time series signals, which 
have been amplitude-modulated to four values by 
the photodiode 26. are demodulated to reproduce 
the original information. 

According to the present example, the informa- 
tion is recorded using the displacement of the 
surface level of the recording medium in the out-of- 
plane direction, and then the recorded information 
is reproduced at high sensitivity using the attenu- 
ated total reflection phenomenon. Therefore, it is 
possible to increase the information volume to be 
recorded per pit by at least twice as much as that 
of the prior art. Moreover, each recording track can 
he provided with eight types of pits having different 
depths so that the pits can be discriminated from 
one another with reflectivity difference of 10%. In 
this case, the information to be recorded per pit 
can be tripled at least. That is, the displacement of 
the surface level of the recording medium in the 
out-of-plane direction can also be used as informa- 
tion by utilizing the fact that the interaction caused 
t>etween the evanescent wave and recording me- 
dium is very sensitive to the spacing s. Therefore, 
the storage density can remarkably be improved 
compared with the conventional system utilizing 
only the displacement of the surface level of the 
recording medium in the in-plane direction. 

Next, the reason why the pit density can be 
improved compared with the prior art will be de- 
scribed. The pit density of the present example is 
restricted by the spot diameter of the reproducing 
apparatus in the same way as the prior art. How- 
ever, the present example makes it possible to 
realize a spot diameter of a wavelength or less, 
thereby improving the pit density. Generally, the 
spot diameter 2w is given by the following equa- 
tion: 

2w = k-X/NA (1) 



wherein X denotes a wavelength of a light 
source. NA denotes the numerical aperture of the 
condenser lens, and k denotes a constant deter- 
mined by the shape of the lens and the intensity 
5 distribution of the incident light, herein k is 0.8. As 
is apparent from the above Equation (1), as NA is 
larger, the resulting spot can be made smaller. The 
numerical aperture NA is represented by the fol- 
lowing equation: 

w 

NA = n*sina (2) 

wherein o denotes a half of the angular ap- 
erture of the condenser lens, and n denotes a 

76 refractive index of the medium between the con- 
denser lens and the reflection surface. Convention- 
ally, the medium between the condenser lens and 
the reflection surface is air, so that nisi. Accord- 
ingly. NA is determined by the angular aperture 

20 alone. For example, the angular aperture 2a of a 
lens used for a CD is 53 degrees, so that NA 
thereof is 0.45. Furthermore, in order to achieve a 
higher storage density, a lens having an angular 
aperture of about 70 degrees and NA of about 0.57 

25 has been put into practical use for a magneto-optic 
disc apparatus. In this case, the spot diameter •2w 
is calculated at 1.4X by the above Equation (1). 
Thus, according to the conventional information 
recording and reproducing apparatus, the angular 

30 aperture 2a should be made large in order to 
reduce the spot diameter. However, sina is always 
1 or less, so that NA will never exceed 1 in theory. 

On the other hand, according to the present 
example, the medium having a refractive index n of 

35 1.79 is filled between the reflection surface 10a 
and the condenser lens 10b, so that the numerical 
aperture NA as large as 1.03 can be obtained from 
the above Equation (2) even when the angular 
:ape.rture is 70 degrees. Therefore, the spot diam- 

40 eter 2w is calculated at 0.78X by the above Equa- 
tion (1). Thus, the fine spot diameter of the 
wavelength of the light source or less is realized. 
The pit density is in inverse proportion to the 
square of the spot diameter, so that the pit density 

45 is increased up to 3.2 times as much as that of the 
conventional apparatus having the same angular 
aperture. 

Thus, according to the present example, the 
medium having the larger refractive index than that 

50 of the air is filled between the reflection surface 
10a and the condenser lens 10b. so that the con- 
denser lens 10b can have NA larger than tfiat of 
the conventional condenser lens, thereby remark- 
ably increasing the pit density. That is, the numeri- 

55 cal aperture NA of the condenser lens can be 
made large by using a material having a larger 
refractive index, irrespective of the angular aperture 
2a. For example, when using zirconia (n = 2.2), 
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the NA of the condenser lens is 1.26. and a spot 
diameter 2w of 0.63X can be obtained. When using 
gallium phosphide (n = 3.4), the NA of the con- 
denser lens is 1.95 and the spot diameter 2w of 
0.41 X can be obtained. In the present example, the 
incident light is condensed onto a single nonspher- 
ical surface, but it may be condensed onto a plural- 
ity of curved surfaces as long as the medium 
having a refractive index larger than that of the air 
is filled between the last curved surface and the 
reflection surface. According to the present exam- 
ple, the refractive surface and the reflection surface 
are simultaneously formed to be integrated into 
one, so that the focus point and the position of the 
reflection surface can exactly agree with each oth- 
er. Thus, reliance is improved so much that align- 
ment for the optical path, the optical axis, and the 
like can be omitted, thereby remarkably reducing 
the number of the production steps. The method 
for producing the apparatus of the present inven- 
tion is not limited to the above method. For exam- 
ple, even if the apparatus of the present invention 
is produced by using a method in which members 
are separately fabricated and then combined with 
one another by bonding or the like, the same 
effects can be obtained. 

The optical head employed in the present in- 
vention can be applied to any other information 
recording apparatus in which information is record- 
ed by changing the geometry or the optical char- 
acteristics of the recording medium, and to any 
other information reproducing apparatus in which 
the thus recorded information is reproduced by 
condensing the light onto the reflection surface, 
and then generating evanescent waves. 

Therefore, according to the present example, 
the information volume to be recorded per pit as 
well as the pit density can be increased, thereby 
remarkably improving the storage density much 
more compared with the prior art. 

Example 2 

Hereinafter, a second example of the present 
invention will be described with reference to Fig- 
ures 3 and 4. 

Figure 3 shows a structural view of an informa- 
tion reproducing apparatus according to the second 
example of the present invention. In Figure 3, a 
discordal recording medium 1 is formed by lami- 
nating a recording layer lb made of gold on a 
substrate 1a made of polycarbonate resin. A plural- 
ity of concentric circular recording tracks are pro- 
vided on the surface of the recording medium 1. As 
is schematically shown in Figure 3, each recording 
track is provided with four pits dO, d1, d2, and d3 
having different depths 0 um, 0.13 um. 0.26 um, 
and 0.53 um. respectively. An optical head 5 is 



arranged so as to face the recording layer 1b. The 
optical head 5 Includes an evanescent wave gener- 
ator 10 made of an optical glass BK7. A light flux is 
incident on a reflection surface 10a at an incident 

5 angle of 44 degrees. The perpendicular distance 
: from the reflection surface 10a to a tracking-absent 
portion of the recording layer lb always remains 
0.81 um (the distance is represented by the flying 
height h in the same way as Example 1). The 

10 . information reproducing apparatus of the second 
> example has the same configuration as that of 
Example 1 except the structure of the recording 
medium 1. the material for the evanescent wave 
generator 10. the incident angle at which the in- 

75 cident light enters the reflection surface 10a, and 
the flying height h. Therefore, the description 
thereof will be omitted. 

Hereinafter, the operation of the information 
recording and reproducing apparatus according to 

20; the second example of the present invention will be 

. : described- 

First, the recording process according to the 
second example will be described. In the same 
process as described in the first example, a pit 

25 array which is modulated so as to have four values 
.is formed on the substrate la. Thereafter, gold is 
" . sputtered on the surface of a substrate la. thereby 
forming the recording layer 1b. According to the 
above steps, the information is recorded as a dis- 

30 ^ placement of the surface level of the recording 
layer lb in an out-of-plate direction. In a manner 
similar to that of the first example, the information 
volume to be recorded per pit is increased by at 
. least twice as much as that of the conventional 

35 recording method using binary digit data. 

Next, the reproducing process will be de- 

- ^ . scribed with reference to Figures 3 and 4. Figure 4 
shows the relationship between the reflectivity of 
the reflection surface 10a and the spacing s be- 

40 tween the reflection' surface 10a and the surface of 
the recording layer 1b immediately below the spot. 
When the spacing s is 0.67 um, the reflectivity 
becomes 0. This is caused due to the surface 
plasmon resonance phenomenon. The surface 

45 plasmon is one kind of elementary excitations 
present on the surface of a material which can.be 
excited by an optical means. That is. when the 
dispersion relationship of the evanescent wave 
generated out of the reflection surface 10a meets 

50 the dispersion relationship of plasma wave gen- 
erated on the surface of the recording layer lb, the 
. surface plasmon is excited, and consequently the 
energy of the incident light is resonantly absorbed. 
Herein, the dispersion relationship means the rela- 

55 tionship between the wave number and the angular 
frequency. The angular frequency is kept to be 
constant, so that the incident angle is selected so 
as to obtain a desired wave number of the evanes- 



6 



11 



EP 0 594 193 A2 



12 



cent wave. Thus, these dispersion relationships are 
made to meet each other. Both the wave number 
and the spacing s are essential factors for causing 
the surface plasmon resonance on arbitrary metal 
surface. Herein, the incident angle is 44 degrees 
and the spacing s is 0.67 um. which satisfies the 
conditions for causing surface plasmon resonance 
on gold of the recording layer 1b. In other words, 
when the incident angle or the spacing s is de- 
viated from the above values, the reflectivity is 
changed to sensitively respond thereto. As is 
shown in Figure 4, the surface plasmon resonance 
has a dependency on the spacing s. In the present 
example, by utilizing this dependency, the reflectiv- 
ity is determined in order to detect the spacing s. 
Herein, the spacing s is the sum total of the flying 
height h and the pit depth immediately below the 
spot. The four pits dO. d1. d2, and d3 have re- 
flectivity of 15%, 40%. 65%. and 90%, respec- 
tively, as is seen from Figure 4. Thus, the four pits 
can be discriminated from one another with re- 
flectivity difference of 25%. In accordance with the 
rotation of the recording medium 1, time series 
signals, which have been amplitude-modulated to 
four values by the photodiode 26, are demodulated 
to reproduce the original information. 

Thus, according to the present invention, it is 
possible to increase the information volume to be 
recorded per pit by at least twice as much as that 
of the prior art. Moreover, each recording track can 
be provided with eight types of pits having different 
depths so that the pits can be discriminated from 
one another with reflectivity difference of 12.5%. In 
this case, the information to be recorded per pit 
can be tripled at least. The method of the present 
example is similar to the conventional method as to 
the use of the surface plasmon resonance for re- 
producing the information stored in the recording 
layer. But, according to the present invention, the 
displacement of the surface level-of the recording 
medium in the out-of-plane direction can also be 
used as information by utilizing the fact that the 
surface plasmon resonance is extremely sensitive 
to the spacing. Therefore, the storage density can 
be remarkably improved compared with the con- 
ventional system utilizing only the displacement of 
the surface level of the recording medium in the in- 
plane direction. 

In the first example, a dielectric material is 
used for the recording layer of the recording me- 
dium, but the present example employs a metal for 
the recording layer. Therefore, as is apparent from 
Figures 2 and 4, according to the second example, 
the distance from the recording medium to the 
optical head can be made larger than that of the 
first example. As the distance becomes larger, the 
possibility that the recording medium will collide 
with the optical head is reduced, thereby largely 



improving the reliability. In addition, the difference 
in pit depth can be made large, so that the pit 
depth tolerance can be increased during the re- 
cording process. 

5 In the second example, gold is used for the 

recording layer of the recording medium, but the 
present invention is not limited to the above. Any 
other metal can be employed, and all of the mag- 
netic and non-magnetic layers can be employed as 

10 long as the real part of the complex dielectric 
constant has a negative value. I^oreover, a protec- 
tive layer may be further laminated on the record- 
ing layer. In this case, the refractive index and the 
angle of the incidence should be determined so 

15 that the dispersion relationship of the resulting eva- 
nescent wave meets the dispersion relationship of 
the surface plasmon generated at the interface 
between the recording layer and the protective 
layer. 

20 Furthermore, the interaction between the eva- 

nescent wave and the surface plasmon is utilized in 
the present example, but the present invention is 
not limited to the above. Any other interaction 
between the evanescent wave and optical elemen- 

25 tary excitation such as surface exiton and surface 
phonon may be used to carry out the present 
invention. 

In the first and second examples, the evanes- 
cent wave is generated by a method in which the 

30 light is incident on the reflection surface at an 
incident angle of the critical angle or more. How- 
ever, the present invention is not limited to the 
above configuration. The evanescent wave of the 
present invention may be generated by a method 

35 in which the light reflects on or transmits through a 
member having a fine periodical structure, or the 
like. That is, the present invention can employ, any 
other method as long as an interaction between the 
evanescent wave and the recordi|ig layer is liti- 

40 lized. IVIoreover, in the present example, the dis- 
placement of the surface level of the recording 
layer in the out-of-plane direction is detected by 
the intensity change of the interaction between the 
evanescent wave and the recording layer. However, 

45 the location of an evanescent wave source or the 
surface level of the recording layer may be con- 
trolled so as to uniformly cause the interaction. 
Therefore, the displacement of the surface level of 
the recording medium in the out-of-plane direction 

50 may be detected on the basis of how much the 
location is controlled. 

One of objectives of the next example of the 
present invention is to improve the storage density 
by providing both of the magnetic recording data 

55 and the optical recording data in the same track on 
the same plane, thereby realizing a recording and 
reproducing apparatus with a higher storage den- 
sity and a larger capacity. 
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The conventional optically recording and re- 
producing method using a diffraction phenomena 
requires a pit depth of X/8 to X/4 so as to have 
sufficient reproduction sensitivity. Therefore, there 
arises a problem of difficulty in performing mag- 5 
netic recording in the same track without causing a. 
spacing loss. 

For example, in accordance with the conven- 
tional CD standard » each pit for recording data has 
a pit depth of 110 nm, and data is optically repro- io 
duced with a reflectivity difference of about 30%. In 
order to record both of the magnetic recording data 
and optical recording data in the same track, a 
metal reflective film of a CD or LD is made of 
ferromagnetic film which is deposited by a sputter- 75 
ing method, and a magnetic layer is arranged on 
the surface of the CD or LD (as is disclosed by 
Japanese Laid-Open Patent Publication No. 58- 
140536). However, such a technique has a problem 
of the spacing loss when the magnetically recorded 20 
signal is reproduced by electromagnetic induction. 

The spacing loss L is given by the following 
Equation (3): 

L = 54,6 X (spacing (dm)/magnetic recording 25 
wavelength (Xm)) (3) 

Therefore, when assuming that the magnetic 
recording wavelength Xm is 1 urn, and the degree 
of change of the spacing Adm by the pit is 110 30 
nm. the total spacing loss L through the recording 
performance and the reproducing performance is 
calculated at -12 dB. which makes it difficult to 
produce the magnetically recorded data. 

On the other hand, when the pit depth is made 35 
smaller in order to reduce the spacing loss, there 
arises another problem in that the reproduction 
sensitivity is reduced. 

Conventionally, a medium is proposed in which s., 
a phase-change type optical recording film is ar- ^40 
ranged on a magnetic layer. However, for changing 
the phase of the phase-change type optical record- 
ing film, thermal energy is required. In addition, the 
medium includes a substrate, the magnetic layer, 
the phase-change type optical recording film, a 45 
metallic film, and a protective film. The phase- 
change type optical recording film has a thickness 
of 30 nm, and the metallic film has a thickness of 
100 nm. Therefore, there arises a problem of the 
spacing loss. 50 

In order to read or write a large amount of data, 
for example, Japanese Laid-Open Patent Publica- 
tion Nos. 4-26978 and 2-179951 proposed a me- 
dium in which the surface of the CD or LD is 
utilized as an area of a concavo-convex optical 55 
recording data pit for optically reproducing data, 
and the reverse side face thereof is utilized as an 
area of a magnetic layer for magnetically recording 



and reproducing data. On the other hand, for exam- 
ple. Japanese Laid-Open Patent Publication No. 
59-36347 proposed a medium in which an inner 
surface of the CD or LD is used for a magnetic 
layer, and an outer concavo-convex surface thereof 
is used for an optical recording data pit. 

In the prior art. it is difficult to record and 
reproduce both the magnetic recording data and 
optical recording data in the same track on the 
same plane with high sensitivity. 

According to the present invention, even if the 
optical recording data has a small pit depth, it can 
be reproduced with high sensitivity. Therefore, it is 
possible to reduce the spacing loss and to record 
and reproduce both of the magnetic recording data 
and optical recording data in the same track on the 
same plane with high sensitivity. 

Example 3 

Figure 5 schematically shows an information 
recording and reproducing apparatus according to 
the present invention. 

As is shown in Figure 5. the information record- 
ing and reproducing apparatus has a disk as a 
recording medium 1, a magnetic layer 1m. a con- 
cavo-convex disk substrate 1n. a recording and 
reproducing head 2. a magnetic head 4, an optical 
head 5. an evanescent wave generator 10, a prism 
bottom surface of a reflection surface 10a. a con- 
denser lens 10b. a receiving light lens 10c, a prism 
lOd, a laser . light source 21, a collimator 22, an 
incident light deflection prism 23, a reflected light 
deflection prism 24. a receiver lens 25, and a 
photodiode 28 for detecting change of reflectivity, a 
member for holding the head 6, a positioning de- 
vice 7, a rotating member 8, a controller 9, a 
magnetic recording data processor 9-1 m, an op- 
tical recording data reproducing processor 9-1 n, a 
positioning controller 9-7. and a rotation controller 
9-8. 

First, the configuration of the information re- 
cording and reproducing apparatus will be de- 
scribed with reference to Figures 5 to 9. 

As is shown in Figure 6. the disk 1 has a 
configuration in which the magnetic layer 1m - 
(thickness: 20 nm) for a recording magnetic record- 
ing data 30a is arranged on the concavo-convex 
disk substrate In made of polycarbonate resin 
having optical recording data pits 30b which are 
concavo-convex pits. 

The optical recording data pits 30b of concavo- 
convex pits are reproduced by the optical head 5 
shown in Figure 5. Hereinafter, the process thereof 
will be described. 

As is shown in Figure 7. the incident light 27 of 
laser light emitted from the laser light source 21 is 
made p-polarized light component by the deflection 
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prism 23. and is condensed onto the bottom sur- 
face 10a of the prism lOd by the condenser lens 
10b at an incident angle of 75 degrees at which the 
laser light is totally reflected normally. Thereafter, 
the light amount of the totally reflected light 28 is 
detected by the photodiode 26. Herein, the prism 
10d, the prism bottom surface 10a. the condenser 
lens 10b, and the receiving light lens 10c con- 
stitute the evanescent wave generator 10. 

The spacing 11 between the prism bottom sur- 
face 10a and the disk 1 corresponds to a 
wavelength or less of the laser light The distance 
of the spacing 11 at the concave portion of the 
optical recording data pit 30b is different from that 
at the convex portion thereof. 

Figure 8 shows the relationship between the 
spacing 11 (the spacing 11/wavelength of the laser 
light) and the reflectivity (reflected light 28/incident 
light 27). The surface of the medium in this exam- 
ple is made of magnetic cobalt gamma iron oxide. 

When the spacing 11 is the wavelength of the 
incident light 27 or less, the evanescent wave gen- 
erated outside the prism bottom surface 10a is 
absorbed into the disk 1 in accordance with the 
distance of the spacing 11 due to the optical tun- 
neling phenomena, and consequently the reflectiv- 
ity is changed. 

Herein, the wavelength of the incident light 27 
is represented by X. Herein, when assuming that 
the depth of the optical recording data pit 30b is 
0.05X (0.039 um), the spacing 11a at the concave 
portion of the pit 30b is 0.1 X. and the spacing 11b 
at the convex portion of the pit 30b is 0.05X, the 
reflectivity for the spacing 11a is 0.76. and the 
reflectivity for the spacing lib is 0.44, as is seen 
from Figure 8. Therefore, the information is repro- 
duced with the reflectivity difference of 32%. 

Accordingly, the information recording and re- 
producing method utilizing the optical tunneling 
phenomena of the evanescent wave has higher 
sensitivity to the pit depth. Therefore, the present 
method can obtain the same reproduction sensitiv- 
ity as that of the conventional method for the CD 
even if the pit depth is one third or less of that of 
the conventional method for the CD. 

As is seen from Figure 8. the change in the 
reflectivity depending on the spacing 11 is in- 
creased as the incident angle is increased, so that 
the reproduction sensitivity can be improved by 
setting the incident angle at 75 degrees or more. 

In Figure 7, the disk surface is made of the 
magnetic layer, so that the magnetic recording data 
30a can be recorded, reproduced, and erased by 
magnetic induction or electromagnetic induction of 
the magnetic head 4 in a manner similar to that of 
a conventional magnetic disc apparatus. 

Herein, the spacing loss L of the pit can be 
calculated from the Equation (3) at -4 dB, which is 



a sufficient small value compared with that of a 
conventional method in which the magnetic layer is 
arranged on the CD. Therefore, according to the 
present example, the magnetic recording data can 

5 be recorded onto and reproduced from the CD. 

As is described above, the magnetic layer is 
deposited by a sputtering method on the disk sur- 
face having the pit, and the optical recording data 
is reproduced by the information recording and 

10 reproducing method utilizing the optical tunneling 
phenomena of the evanescent wave. Thus, record- 
ing, reproducing, and erasing performance of the 
magnetic recording data in the same track is car- 
ried out by utilizing the magnetic induction and the 

75 electromagnetic induction. Compared with the con- 
ventional CD, the capacity for magnetic recording 
data can be enlarged, and the reproduction sen- 
sitivity can be improved, thereby enabling high 
density of the optical recording data. 

20 Moreover, compared with the conventional 

magnetic disc apparatus, the present apparatus 
has advantages in that the capacity for the optical 
recording data is enlarged, and the tracking servo 
is performed even when the magnetic recording 

25 data is recorded and reproduced by a method in 
which the optical recording data is made into a 
tracking servo signal of the recording and repro- 
ducing head. Therefore, high track density, and 
high recording density can be realized. 

30 According to the present example, the optical 

recording is performed by utilizing the dependency 
of the reflectivity on the spacing based on the 
optical tunneling phenomena, and the magnetic 
recording is. performed in the same track. Such a 

35 method has some advantages over the conven- 
tional method in which the optical recording and 
reproducing is performed by utilizing the depen- 
dency of the reflectivity on the incident angle due 
to the surface plasmoq, phenomena of the evanes- 
ce cent wave. For examfile, the magnetic recording 
data can be recorded and reproduced in the same 
track without spacing loss, and the reproduction 
sensitivity is robust to the incident angle of the 
laser light. 

45 Figure 8 shows the relationship between the 

incident angle and the reflectivity when the medium 
surface is made of cobalt gamma iron oxide. As is 
seen from Figure 8, the reproduction sensitivity can 
be maintained at about 30%, even if the spacing is 

50 changed by about 10%, and the incident angle is 
changed by about i2 degrees. 

On the other hand. Figure 9B shows a conven- 
tional relationship between the incident angle and 
the reflectivity when the medium surface is made 

55 of gold. As is seen from Figure 9B, the reproduc- 
tion sensitivity .is 20% or less, if the incident angle 
is changed by about ±2 degrees. 
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When the surface plasmon resonance of the 
evanescent wave is employed, the same effects 
can be obtained. 

Figure 9A shows the relationship between the 
spacing 11 (the spacing 11/wavelength of the laser 
light) and the reflectivity (reflected light 2a/incident 
light 27) when the information recording and re- 
producing method utilizing the surface plasmon 
resonance generated by the evanescent wave is 
employed. The surface of the disk is made of gold. 
As is seen from Rgure 9A, when the information 
recording and reproducing method utilizing the sur- 
face plasmon resonance generated by the evanes- 
cent wave is employed, the optical recording data 
pit 30b requires a depth of 0.2X or more in order to 
reproduce the optical recording data 30b with high 
sensitivity. Therefore, the depth of the optical re- 
cording data pit 30b inevitably becomes 0,16 um 
when the laser wavelength X is 780 nm. and there- 
fore, the spacing loss becomes about -17 dB. 

Therefore, it is possible to record the magnetic 
recording data and the optical recording data in the 
same track by using a magnetic layer with the 
proviso that a real part of the complex dielectric 
constant is negative, the imaginary part of the 
complex reflectivity is equal to that of the metal, 
and the surface plasmon is excited at an incident 
angle of about 75 degrees; and emitting a laser 
light to the evanescent wave generator. 

Thus, according to the third example, optical 
recording data is present as a pit on a disk, the 
surface of the disk is made of a magnetic layer, 
and the recording and reproducing head is com- 
posed of a magnetic head and an optical head. 
With such a configuration, the optical recording 
data is reproduced utilizing the optical tunnel ef- 
fects of the evanescent wave. Thus, both of the 
magnetic recording data and the optical recording 
data can be recorded and reprod.uced with high 
sensitivity, thereby realizing a recording and re- 
producing apparatus having robustness, high re- 
cording density, and large capacity. 

According to the third example, the concavo- 
convex optical recording data pit is formed on the 
disk substrate made of polycarbonate resin, and 
the magnetic layer Is formed on the disk by a 
sputtering method. As is shown in Figure 10, even 
if the magnetic layer is arranged on a flat disk 
substrate having no pit, or the concavo-convex 
optical recording data pit is formed on the mag- 
netic layer by pressing or the like, the same effects 
can be obtained. 

Example 4 

Figure 11 schematically shows an information 
recording and reproducing apparatus according to 
a fourth example of the present invention. 



As is shown in Rgure 11, the information re- 
cording and reproducing apparatus has a disk as a 
recording medium 1. a magnetic layer 1m, a re- 
cording and reproducing head 2, a magnetic head 

5 4, an optical head 5, an evanescent wave generator 
10, a prism bottom surface functioning as a reflec- 
tion surface 10a, a condenser lens 10b, a receiving 
light lens 10c. a prism lOd. a laser light source 21, 
a collimator 22. an incident light deflection prism 

70 23, a reflected light deflection prism 24, a receiver 
lens 25, a photodiode 26 for detecting change of 
reflectivity, a member for holding the head 6. a 
positioning device 7, a rotating member 8, a con- 
troller 9, a magnetic recording data processor 9- 

75 1m, a positioning controller 9-7. and a rotation 
controller 9-8. The above configuration is the same 
as that of Figure 5 except the following: a flat disk 
substrate 1c and an optical recording film Id are 
arranged on the disk 1, and the optical recording 

20 data recording and reproducing processor 9-1 n-2 is 
arranged at the controller 9. 

Hereinafter, the information recording and re- 
producing apparatus having the above configura- 
tion will be. described with reference to Figures 8. 

25 9, and 11 to 13. 

In Figure 12. at the disk 1. a magnetic layer is 
arranged on the flat disk substrate 1c for recording, 
reproducing and erasing the magnetic recording 
data 30a. Furthermore, the optical recording film 

30 1d for an additional optical disk is arranged thereon 
so as to have permeability of about 1 and a thick- 
ness of 0.05X. 

The concavo-convex optical data pit 30b is 
recorded and reproduced by the optical head 5 

35 shown in Figure 11. Hereinafter, the process will be 
described. 

First, the recarding process of the optical re- 
cording data pit 30b will be described. 

As is shown in Figure 13, the incident light 27 

40 of laser light emitted from the laser light source 21 
is made p-polarized light component by the deflec- 
tion prism 23. and condensed onto the bottom 
surface 10a of the prism 10d by the condenser 
lens 10b at an incident angel of 45 degrees at 

45 which the laser light is totally reflected normally. 
The optical recording data recording and reproduc- 
ing processor 9-1 n-2 sets the output of the laser 
light source 21 at 10 mW. 

Figure 8 shows the relationship between the 

50 spacing 11 (the spacing 11/wavelength of the laser 
light) and the reflectivity (reflected light 28/incident 
light 27). When the spacing 11 is the wavelength of 
the incident light 27 or less, the evanescent wave 
generated outside the prism bottom surface 10a is 

55 absorbed into the disk 1 in accordance with the 
distance of the spacing 11 due to the optical tun- 
neling phenomena, and consequently the reflectiv- 
ity is changed. 
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When assuming that the spacing 11 is 0.05X, 
approximately 100% of the incident light 27 is 
absorbed into the disk 1. With the heat generated 
at that lime, a hole is formed in the optical record- 
ing film Id, thereby forming the optical recording 
data pit 30b. 

Next, the reproduction process of the optical 
recording data pit 30b will be described. 

For the reproducing performance, the optical 
recording data recording and reproducing proces- 
sor 9-1 b-2 sets the output of the laser light source 
21 at 1 mW. and the incident angle at 75 degrees, 
and then the amount of the totally reflected light 28 
is detected by the photodiode 26. 

The spacing 1 1 between the prism bottom sur- 
face 10a and the disk 1 is a wavelength or less of 
the laser light. At this time, the distance of the 
spacing 11 of the concave portion of the optical 
recording data pit 30b is different from that of the 
convex portion thereof. 

When assuming that the depth of the optical 
recording data pit 30b is 0.05X, which corresponds 
to the thickness of the optical recording film 1d; the 
spacing 11a at the concave portion of the pit 30b 
is 0.1 X, and the spacing lib at the convex portion 
of the pit 30b is 0.05X. the reflectivity for the 
spacing 11a is 0.76, and the reflectivity for the 
spacing lib is 0.44, as is seen from Figure 8. 
Therefore, the present method can obtain the same 
reproduction sensitivity as that of the conventional 
method for the CD even if the pit depth is about 
one third of that of the conventional method for the 
CD. 

Accordingly, the information recording and re- 
producing method utilizing the optical tunneling 
phenomena of the evanescent wave has higher 
sensitivity against the pit depth. Therefore, com- 
pared with the method employed for the CD, the 
present method can obtain the same sensitivity as 
that of the method for the CD even if the pit depth 
is one third or less of the method for the conven- 
tional CD. 

In Figure 13, the magnetic layer is arranged 
under the optical recording film Id, so that the 
magnetic recording data 30a can be recorded, re- 
produced, and erased by the magnetic induction 
and electromagnetic induction of the magnetic 
head 4 in a manner similar to that of the conven- 
tional magnetic disc apparatus. 

Herein, the spacing loss L of the pit can be 
calculated from the Equation (3) at -4 dB, which is 
a sufficient small value compared with that of the 
conventional method in which the magnetic layer is 
arranged on the CD. Therefore, according to the 
present example, the magnetic recording data can 
be recorded and reproduced. 

Next, the case where a phase-change type 
optical recording film is used as the optical record- 



ing film on the magnetic layer will be described. 
Conventionally, a metal film is used for thermally 
changing the phase of the phase-change type op- 
tical recording film. However, according to the 
5 present invention, the incident angle is set at 45 
degrees, and the spacing between the phase- 
change type optical recording film and the protec- 
tive film is set at about 0.1 X. so that about 95% of 
the incident light is absorbed into the optical re- 
10 cording film as is seen from Rgure 8, thereby 
making it possible to record and reproduce the 
optical recording data without using the metal film. 
Since the use of the metal film can be omitted in 
the present example, the magnetic recording data 
75 can be recorded and reproduced with further re- 
duced spacing loss. 

As is described above, the magnetic layer is 
sputtered on the flat disk substrate, and the optical 
recording film for the additional optical disk is ar- 
20 ranged thereon. Thus, the optical recording data is 
recorded and reproduced by the information re- 
cording and reproducing method utilizing the op- 
tical tunneling phenomena of the evanescent wave. 
The magnetic recording data is recorded, repre- 
ss duced, and erased by utilizing the magnetic induc- 
tion and the electromagnetic induction. Compared 
with the case of the CD, the capacity for magnetic 
recording data can be enlarged, and the reproduc- 
tion sensitivity can be improved, thereby enabling 
30 high recording density of the optical recording 
data. . 

Moreover, compared with the conventional 
magnetic disc apparatus, the present apparatus 
has advantages in that the capacity for the optical 

35 recording data is enlarged, and the tracking servo 
is performed even when the magnetic recording 
data is recorded and reproduced by the method in 
which the optical recording data is made into a 

- V. tracking servo signal of the recording and repro- 

40'' ducing head. Therefore, high track density, and 
high recording density can be realized. 

According to the present example, the optical 
recording is performed by utilizing the dependency 
of the spacing on the reflectivity due to the optical 

45 tunneling phenomena, and the magnetic recording 
is performed in the same track. Such a method has 
some advantages over the conventional method in 
which the optical recording and reproducing is per- 
formed by utilizing the dependency of the reflectiv- 

50 ity on the incident angle due to the surface plas- 
mon phenomena of the evanescent wave. For ex- 
ample, the magnetic recording data can be re- 
corded and reproduced in the same track without 
spacing loss, and the reproduction sensitivity is 

55 robust to the incident angle of the laser light. 

Figure 8 shows the relationship between the 
incident angle and the reflectivity when the medium 
surface is made of cobalt gamma iron oxide. As is 
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seen from Figure 8. the reproduction sensitivity can 
be maintained at about 30%, even if the spacing is 
changed by about 10%. and the incident angle is 
changed by about ±2 degrees. 

On the other hand, Figure SB shows a conven- 
tional relationship between the incident angle and 
the reflectivity when the medium surface is made 
of gold- As is seen from Figure SB. the reproduc- 
tion sensitivity is 20% or less, if the incident angle 
is changed by about t2 degrees. 

Moreover, the same effects can be obtained, 
even if the optical recording data is reproduced 
and the magnetic recording data is recorded and 
reproduced in the same track by utilizing the de- 
pendency of the spacing on the reflectivity accord- 
ing to the information recording and reproducing 
method utilizing the surface plasmon resonance of 
the evanescent wave. 

Figure SA shows the relationship between the 
spacing 11 (the spacing 11/wavelength of the laser 
light) and the reflectivity (reflected light 28/incident 
light 27) when the information recording and re- 
producing method utilizing the surface plasmon 
resonance generated by the evanescent wave is 
employed. The surface of the disk is made of gold. 
As is seen from Figure SA, when the information 
recording and reproducing method utilizing the sur- 
face plasmon resonance generated by the evanes- 
cent wave is employed, the optical recording data 
pit 30b requires a depth of 0.2X or more in order to 
reproduce the optical recording data pit 30b with 
high sensitivity. Therefore, the depth of the optical 
recording data pit 30b inevitably becomes 0.16 um 
when the laser wavelength X is 780 nm, and there- 
fore, the spacing loss becomes about -17 dB. 

Therefore, it is possible to record the miagnetic 
recording data and the optical recording data in the 
same track by using a magnetic layer with proviso 
that a real part of the complex dielectric constant is 
negative, the imaginar/ part of the complex re- 
flectivity is equal to that of the metal, and the 
surface plasmon is excited at an incident angle of 
about 75 degrees; and emitting a laser light to the 
evanescent wave generator. 

Thus, according to the fourth example, optical 
recording data is present as a pit array on a disk, 
the surface of the disk is made of a magnetic layer, 
and the recording and reproducing head is com- 
posed of a magnetic head and an optical head. 
With such a configuration, the optical recording 
data is reproduced utilizing the optical tunnel ef- 
fects of the evanescent wave. Thus, both of the 
magnetic recording data and the optical recording 
data can be recorded and reproduced with high 
sensitivity, thereby realizing a recording and re- 
producing apparatus having robustness, high re- 
cording density, and large capacity. 



According to the fourth example, the concavo- 
convex optical recording data pit is formed on the 
disk substrate made of polycarbonate resin, and 
the magnetic layer is formed on the disk by a 

5 sputtering method. As is shown in Figure 10. even 
if the magnetic layer is arranged on a flat disk 
substrate having no pit, or the concavo-convex 
optical recording data pit is formed on the mag- 
netic layer by pressing or the like, the same effects 

70 can be obtained. 

In the third and fourth examples, the pit depth 
is set at 0.05X and the spacing between the prism 
and the disk is set at 0.05X or 0.1 X, but other 
values may also be used to obtain the effects of 

76 the present invention as long as sufficient repro- 
duction sensitivity can be obtained. 

In the third and fourth examples, the polarized 
light component is p component, but s component 
and p-s component may also be employed to 

20 obtain the effects of the present invention as long 
as sufficient reproduction sensitivity can be ob- 
tained. 

In the third and fourth examples, the incident 
angle is set at 75 degrees, but other values may 

25 also be employed to obtain the effects of the 
present invention as long as sufficient reproduction 
sensitivity can be obtained, the evanescent wave 
can be generated at the prism bottom surface, and 
the incident light can be totally reflected. 

30 In the third and fourth examples, the method 

utilizing a prism coupler is used for generating the 
evanescent wave, but other methods may also be 
employed to obtain the effects of the present in- 
vention as long as the evanescent wave can be 

35 excited. 

In the third and fourth examples, the polycar- 
bonate resin is used for the concavo-convex disk 
substrate having the optical recording data pit, but 
other materials such as glass may also be em- 

40 ployed to obtain the effects of the present invention 
as long as the optical recording data pit can be 
formed. 

In the third and fourth examples, the magnetic 
recording data is recorded or erased by the mag- 

45 netic induction, and reproduced by electromagnetic 
induction, but it can also be recorded or erased by 
using thermal magnetic effects and also be repro- 
duced by using the magneto-optical effects to ob- 
tain the effects of the present invention as long as 

50 the reproduction sensitivity to the reflectivity of the 
concavo-convex magnetidayer functioning as the 
optical recording data pit is sufficient. 

In the third example, the thickness of the mag- 
netic layer film is set at 20 nm, but other values 

55 may also be employed to obtain the effects of the 
present invention as long as the reproduction sen- 
sitivity is sufficient when the optical recording data 
is reproduced by utilizing the optical tunnel effect 



12 



23 



EP 0 594 193 A2 



24 



of the evanescent wave. 

In the fourth example, the thickness of the 
optical recording film is set at 0-2X. but other 
values may also be employed to obtain the effects 
of the present invention as long as the reproduction 
sensitivity is sufficient when optical recording data 
is reproduced by utilizing the tunnel effect of the 
evanescent wave. 

In the third and fourth examples, the straight 
type of positioning device is used as the position- 
ing device, but other type ones such as a floating 
type one and a rotating type one may also be 
employed to obtain the effects of the present in- 
vention as long as the recording and reproducing 
head can be positioned to an arbitrary position with 
a constant spacing. 

In the third and fourth examples, a voice coil 
motor is used as the positioning device, but a 
stepping motor, ultrasonic motor, piezo-element ac- 
tuator, or the like may also be employed for the 
positioning device to obtain the effects of the 
present invention as long as the recording and 
reproducing head can be position to an arbitrary 
position with a constant spacing. 

In the third and fourth examples, the disk is 
rotated so as to directly position the recording and 
reproducing head to the arbitrary position by the 
positioning device, but the disk alone, or the re- 
cording and reproducing head alone, or both of 
them may be moved in an arbitrary way to obtain 
the effects of the present invention as long as the 
recording and reproducing head can be positioned 
to the arbitrary position with a constant spacing. 

In the third and fourth examples, the medium is 
constituted by a disk, but the medium may also be 
constituted by a card, a tape, or the like to obtain 
the effects of the present invention as long as the 
medium has a structure in which a magnetic re- 
cording data layer is arranged on the optical re- 
cording data pit layer; a structure i'h which the 
magnetic layer includes an optical recording data 
pit; or a structure in which the magnetic layer is 
arranged on the medium substrate and the optical 
recording film is arranged thereon. 

In the fourth example, the optical recording film 
for the additional optical disk is used as the optical 
recording film, but a phase-change type optical 
recording film or the like may also be employed to 
obtain the effects of the present invention as long 
as the reflectivity reproduction sensitivity is suffi- 
ciently high during the reproduction process of the 
optical recording data. 

In the third and fourth examples, the 
photodiode is used as the reflectivity change de- 
lecting section, but other materials may also be 
employed to obtain the effects of the present in- 
vention as long as photoelectric conversion can be 
performed. 



In the third and fourth examples, the medium 
surface is made of magnetic cobalt gamma iron 
oxide, but the other magnetic bodies such as mag- 
netic barium ferrite, magnetic alpha iron, or the like 
5 may also be employed to obtain the effects of the 
present invention. 

In the third and fourth examples, gold is used 
for the medium surface for exciting the surface 
plasmon. but other materials such as aluminum, 
10 and silver may also be used to obtain the effects of 
the present invention as long as the real part of the 
complex dielectric constant is negative. 

In the third and fourth examples, the optical 
recording data pit has a concave portion and a 
75 convex portion, i.e.. has binary digits of "0" and 
"1". However, even if there are several levels in pit 
depth and more than two values are recorded in 
the out-of-phase direction, the effects of the 
present invention can be obtained. 
20 In the third and fourth examples, the 

photodiode functioning as the reflected light detec- 
tion section detects the reflected light passing 
through the receiving light lens, reflected light po- 
larizing prism, and the receiver lens. However, the 
25 effects of the present invention can be obtained 
even if the photodiode may be arranged on the 
reflective surface of the prism so as to directly 
detect the reflected light. 

As is described above, according to the third 
30 and fourth examples, optical recording data is 
stored as a pit on a disk, the surface of the disk is 
made of the magnetic layer, and the recording and 
reproducing head is composed of the magnetic 
head and the optical head. With such a configura- 
35 tion, the optical recording data is reproduced utiliz- 
ing the optical tunnel effects of the evanescent 
wave. Thus, both of the magnetic recording data 
and the optical recording data can be recorded and 
reproduced with high sensitivity, thereby-realizing a 
40 recording and reproducing apparatus having 
robustness, high density and large capacity. 

In the first to fourth examples, the recording 
medium is made of a rigid disk, but a flexible disk 
may also be used to obtain the effects of the 
45 present invention. 

According to the present invention, it is possi- 
ble to design the recording medium so that every 
pit depth (or height) is not more than one eighth of 
the wavelength of the laser light while maintaining 
50 the sufficient reproduction sensitivity. In addition, it 
is also possible to design the recording medium so 
that every pit depth (or height) is not less than one 
fourth of the wavelength of the laser light while, 
maintaining the sufficient reproduction sensitivity. 
55 In the first to fourth example, the disk is used 

for the recording medium, but the present invention 
is not limited to the shape of the recording me- 
dium, so that the effects of the present invention 
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can be obtained even when the tape or the card is 
used for the recording medium. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 

1. An information recording and reproducing ap- 
paratus comprising: 

a recording medium including a plurality of 
concavo-convex pits. 

a light source for emitting laser light. 

a means for changing an optical character- 
istic value of said laser light, using interaction 
between said laser light and said recording 
medium, and 

a light detector for detecting said optical 
characteristic value of said laser light after said 
interaction occurs, and then outputting a signal 
in response to said detected optical character- 
istic value: 

wherein said means for changing said op- 
tical characteristic value includes an evanes- 
cent wave generating means for generating an 
evanescent wave from said laser light, and 
said evanescent wave generating means 
changes said optical characteristic value in ac- 
cordance with how much said concavo-convex 
pits of said recording medium influences said 
evanescent wave; and 

multivalued data is reproduced on the ba- 
sis of said signal from said light detector, said 
multivalued data corresponding to the dimen- 
sion of said cpncavo-convex pits measured 
along the direction normal to said recording 
medium. 

2. An information recording and reproducing ap- 
paratus according to claim 1. wherein said 
evanescent wave generating means includes a 
reflection surface so as to face said recording 
medium, and said laser light is totally reflected 
at the reflection surface, thereby generating 
said evanescent wave. 

3. An information recording and reproducing ap- 
paratus according to claim 2, wherein said 
evanescent wave generating means includes a 
first lens for condensing said laser light onto 
said reflection surface. 

4. An information recording and reproducing ap- 
paratus according to claim 3. wherein a me- 



dium having a reflectivity larger than that of the 
air is disposed between said reflection surface 
and said first lens at least. 

5 5. An information recording and reproducing ap- 
paratus according to claim 4. wherein said 
evanescent wave generating means includes a 
second lens for collimating said laser light to- 
tally reflected at the reflection surface. 

70 

6. An information recording and reproducing ap- 
paratus according to claim 2. wherein said 
evanescent wave generating means includes a 
prism having a first surface, a second surface, 

;5 and a third surface, said first surface receiving 

said laser light, said second surface function- 
ing as said reflection surface for totally reflect- 
ing said laser light, said third surface emitting 
said laser light totally reflected at said second 

20 surface. 

7. An information recording and reproducing ap- 
paratus according to claim 6. wherein said 
evanescent wave generating means includes a 

25 first lens for condensing said laser light onto 

said second surface of said prism, said first 
lens being located so as to be adjacent to said 
first surface of said prism. 

30 8. An information recording and reproducing ap- 
paratus according to claim 7. wherein said 
evanescent wave generating means includes a 
second lens for collimating said laser light to- 
tally reflected on said second surface of said 

35 prism, said second lens being located so as to 

be adjacent to said third surface of said prim. 

9. An information recording and reproducing ap- 
paratus according to claim 7. wherein said 

40 prism has a reflectivity larger than that of the 

air. 

10. An information recording and reproducing ap- 
paratus according to claim 7. wherein said 

45 prism and said first lens are formed so as to 

be integrated with each other. 

11. An information recording and reproducing ap- 
paratus according to claim 2. further compris- 

50 ing a mechanism for maintaining the distance 

from said reflection surface to said recording 
medium at a wavelength of said laser light or 
less. 

55 12. An information recording and reproducing ap- 
paratus according to claim 1, wherein said 
recording medium further includes a magnetic 
recording layer, and said information recording 
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and reproducing apparatus further comprises a 
magnetic means for recording and reproducing 
magnetic data recorded in said magnetic re- 
cording layer, 

13. An information recording and reproducing ap- 
paratus according to claim 12, wherein the 
dimension of said concavo-convex pits mea- 
sured along the direction normal to said re- 
cording medium is not more than one eighth of 
the wavelength of said laser light. 

14. An information recording and reproducing ap- 
paratus according to claim 12, wherein a re- 
gion provided with said magnetic data and a 
region provided with said concavo-convex pits 
are located in the same track on the same 
plane of said recording medium. 

15. An information recording and reproducing ap- 
paratus according to claim 14. wherein said 
magnetic recording layer is laminated on said 
concavo-convex pits. 

16. An Information recording and reproducing ap- 
paratus according to claim 14. wherein said 
concavo-convex pits are formed on said mag- 
netic recording layer. 

17. An information recording and reproducing ap- 
paratus according to claim 14. wherein said 
concavo-convex pits are formed on a layer 
laminated on said magnetic recording layer- 
IB. An information recording and reproducing ap- 
paratus according to claim 1, wherein said 
recording medium records data having three or 
more values corresponding to change in the 
dimension of said concavo-convex pits mea- 
sured along the direction normal to said re- 
cording medium; and said data having three or 
more values are reproduced on the bases of 
said signal from said light detector. 

19. An information recording and reproducing ap- 
paratus according to claim 1, wherein said 
evanescent wave generating means includes 
an aperture having a size not more than the 
wavelength of said laser light. 

20. An information recording and reproducing ap- 
paratus according to claim 1. wherein the sur- 
face of said concavo-convex pits of said re- 
cording medium is made of a metal. 

21. An information recording and reproducing ap- 
paratus according to claim 20, wherein said 
concavo-convex pits are covered with a protec- 



tive layer. 

22. A recording medium comprising a plurality of 
concavo-convex pits, to which laser light is 

5 emitted, 

wherein a minimum value of the dimension 
of said concavo-convex pits measured along 
the direction normal to said recording medium 
is not more than one eighth of the wavelength 

10 of said laser light. 

23. A recording medium comprising a plurality of 
concavo-convex pits, to which laser light is 
emitted, 

75 wherein a maximum value of the dimen- 

sion of said concavo-convex pits measured 
along the direction normal to said recording 
medium is not less than one fourth of the 
wavelength of said laser light. 

20 

24. A recording medium comprising a plurality of 
concavo-convex pits, to which laser light is 
emitted. 

wherein said recording medium further 
26 comprises a magnetic recording layer for re- 

cording magnetic data; and 

both a region provided with said magnetic 
data and a region provided with said concavo- 
convex pits are located in the same track on 
30 the same plane of said recording medium. 

25. A recording medium according to claim 24, 

wherein a maximum value of the dimen- 
sion of said concavo-convex pits measured 
35 along the direction normal to said recording 

medium is not more than one eighth of the 
wavelength of said laser light. 

26. A recording medium according to claim 24, 

40 wherein said magnetic recording layer is 

laminated on said concavo-convex pits. 

27. A recording medium according to claim 24. 

wherein said concavo-convex pits are 
45 formed on said magnetic recording layer. 

28. A recording medium according to claim 24, 

wherein said concavo-convex pits are 
formed on a layer laminated on said magnetic 
50 recording layer. 

29. An information recording and reproducing 
method, comprising: 

a first step for recording data into a re- 
55 cording medium as a plurality of concavo-con- 

vex pits, 

a second step for changing an optical 
characteristic value of said laser light, using 
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interaction between said laser light and said 
recording medium, and 

a third step for detecting said optical char- 
acteristic value of said laser light after said 
interaction occurs, and then outputting a signal s 
in response to said detected optical character- 
istic value; 

wherein, at said second step, an evanes- 
cent wave is generated from said laser light, 
and said optical characteristic value of said io 
laser light is changed in accordance with how 
much said concavo-convex pits of said record- 
ing medium influences said evanescent wave. 

30. An information recording and reproducing 75 
method according to claim 29. wherein, at said 
second step, elementary excitation is formed 
on the surface of said recording medium, and 
said evanescent wave and said elementary ex- 
citation are interacted with each other. 20 
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